Objective-To examine the effects of pulmonary hypertension on left ventricular diastolic function and to relate the findings to possible mechanisms of interdependence between the right and left sides of the heart in ventricular disease.
Abstract
Objective-To examine the effects of pulmonary hypertension on left ventricular diastolic function and to relate the findings to possible mechanisms of interdependence between the right and left sides of the heart in ventricular disease.
Design-A retrospective and prospective analysis of echocardiographic and Doppler studies.
Setting-A tertiary referral centre for both cardiac and pulmonary disease.
Patients-29 patients with pulmonary hypertension (12 primary pulmonary hypertension, 10 pulmonary fibrosis, five atrial septal defect (ASD), and two scleroderma) were compared with a control group of 10 patients with an enlarged right ventricle but normal pulmonary artery pressure (six ASD, one after ASD closure, one ASD and pulmonary valvotomy, one tricuspid valve endocarditis and repair, and one pulmonary fibrosis). None Results-The peak right ventricular to right atrial pressure gradient was (mean (SD)) 60 (16) (8) hypertension (12) Pulmonary fibrosis (10) Tricuspid valve endocarditis and repair (1) Atrial septal defect (5) Pulmonary fibrosis (1) Scleroderma (2) tension from those of right ventricular dilatation, septal shift, or left ventricular compression.
Patients and methods

STUDY POPULATION
We studied 29 patients (age (mean (range)) 44 (20-63); 17 women) with pulmonary hypertension (12 primary pulmonary hypertension, 10 pulmonary fibrosis, five atrial septal defect (ASD), and two scleroderma), and a control group of 10 patients (age (mean (range)) 42 (17-57); 6 women) with right ventricular dilatation (free wall to septal diameter > 2-6 cm at end systole) but normal pulmonary artery pressure (peak right ventricular to right atrial pressure drop < 35 mm Hg). We recorded Doppler signals on a Doptek Spectrascan with a 2-0 MHz transducer, and a Toshiba SSH 160A with a 3-5 MHz transducer. Peak transmitral and transtricuspid flow velocities were identified by continuous wave from the apex and were recorded in pulsed mode with a 3 mm gate and 250 Hz wall filter. The peak velocities of early "E wave" and atrial "A wave" transmitral flow were recorded and the ratio E/A was derived. Tricuspid regurgitant flow was identified and recorded in continuous mode from the apex. The peak instantaneous systolic pressure drop from right ventricle to right atrium was calculated with the modified Bernoulli equation from the peak velocity of the tricuspid regurgitant signal, and the pressure drop at the instant of mitral cusp separation was also recorded. The RR interval was measured from the electrocardiogram, recorded simultaneously with the phonocardiogram. A second measurement of isovolumic relaxation time was obtained for the left ventricle from A2 to the start of mitral flow. The first high frequency vibration of the second component of the second heart sound was taken as P2 and this was checked on the pulmonary echogram and pulmonary closure artefact on Doppler recordings. The time interval from pulmonary closure (P2) to the start of tricuspid flow was recorded in all cases. All measurements were made on three cardiac cycles and the mean taken. Intracavity flow was detected within the left ventricle with pulsed Doppler aligned along the ventricular inflow. Having identified flow in pulsed mode, it was recorded in colour Doppler superimposed upon a long axis M mode of the left ventricular cavity from the mitral ring to the apex. Left ventricularfilling characteristics in pulmonary hypertension: a new mode of ventricular interaction earliest start of detectable transmitral flow by pulsed Doppler. Also, ventricular dimension characteristically fell during isovolumic relaxation, indicating a change in cavity shape, and in six patients, intracavity flow was detected. Several mechanisms have been proposed to explain how right sided abnormalities can disturb left ventricular diastolic function in the absence of left ventricular diastolic disease. Distension or hypertrophy of the right ventricle may compress the left, thus altering chamber stiffness. Raised diastolic pressures from the right may directly affect those of the left, possibly by moving the septum, or the interaction may be indirect and involve the pericardium. In our study we aimed to investigate these possibilities in more detail.
The characteristic disturbances of isovolumic relaxation that we saw in our patients suggest that whatever the mode of interaction between the two ventricles it was already operating before mitral valve opening. This makes it unlikely that the primary disturbance was simply one of passive ventricular pressure and volume relations. Neither did pericardial restraint appear to be important as this is also a late diastolic phenomenon and it is difficult to see how such restraint could possibly affect isovolumic relaxation. Our patients all showed the characteristic anatomical findings of right ventricular dilatation with corresponding compression of the left ventricle, often with reversed septal motion. To investigate this possible mechanism we used a control group of patients with identical anatomical abnormalities, but in whom right ventricular systolic pressures were normal. Left ventricular diastolic function was effectively normal in this group. We concluded, therefore, that disturbed left ventricular diastolic function in our patients with pulmonary hypertension could not be attributed to reduced right ventricular diastolic compliance, pericardial interaction, left ventricular compression, or any other direct result of right ventricular dilatation, but seemed to be much more closely related to the presence of the pulmonary hypertension itself.
Not only is peak pressure in the pulmonary artery raised in patients with pulmonary hypertension, but the rate of fall is reduced," so the pressure pulse lasts longer. This may show itself in several ways. The interval from pulmonary valve closure to tricuspid opening is increased'2 '3 and the duration of the Doppler signal of functional tricuspid regurgitation is strikingly prolonged so that it may persist 100 ms or more after P2. These findings are so consistent that they can be used to estimate peak pressure in the right ventricle in individual patients."'5 Effectively, therefore, pulmonary hypertension causes decline of right ventricular tension to be prolonged; with tricuspid regurgitation as a marker, this prolongation beyond pulmonary closure is considerable, being on average 3 ing of the mitral valve, and that at the time of mitral cusp separation a mean gradient of 12 mm Hg from right ventricle to right atrium still existed. Thus tension in the right ventricle continues to decline throughout, and beyond isovolumic relaxation of the left ventricle. It is likely that tension within the interventricular septum is equally prolonged. This would explain the displacement of the posterior septum and associated fall in the dimension of the left ventricle seen in the patients with pulmonary hypertension but not in the controls. This septal shift will have contributed to the incoordinate wall motion seen during isovolumic relaxation, and thus to delaying the opening of the mitral valve and the start of filling as well as to the abnormal intracavity flow.
The period of isovolumic relaxation is critical to normal filling. Prolonged or disorganised isovolumic relaxation has important consequences on function later in diastole, reducing early velocity diastolic filling and causing a corresponding increase in velocity during atrial systole. This effect has been shown in hypertrophic cardiomyopathy,'6 coronary artery disease,'7 and left ventricular hypertrophy due to aortic stenosis. '8 We suggest that our findings represent yet another example of the interaction between isovolumic relaxation and ventricular filling, and as the disturbances in filling of the left ventricle were so typical of those previously described, we think that no other explanation for them need be sought. Even within our group of patients with pulmonary hypertension, "A fillers" had a significantly longer isovolumic relaxation time than "E fillers". The effects of a diastolic pressure gradient across the septum on ventricular septal motion have been recognised for some time, both in whole animals,2 and humans with pulmonary hypertension,6 but such gradients have been associated with raised right ventricular diastolic pressure due to disturbed compliance and thus occur during ventricular filling; hence they are different in their mechanism and timing to those we have described. Similarly, left ventricular asynchrony has been recognised in pulmonary hypertension,'0 but again this was only apparent during filling and events during isovolumic periods were specifically excluded from this study. That a pressure gradient across the septum may disorganise isovolumic relaxation and thus disturb filling does not appear to have been previously proposed.
This study highlights a potential problem of nomenclature that will become increasingly important once it is recognised that systole and diastole need not be synchronous on the two sides of the heart. In our patients decline of right ventricular tension during late systole corresponded to early left ventricular diastole and this asynchrony had important practical consequences. It, in fact, represents a novel mode of ventricular interaction that has received little attention, and it also provides further evidence of the importance of isovolumic relaxation of the left ventricle in determining events for the remainder of diastole.
